The results for the first set of measurements taken at the output of detector D, are shown in Fig. 3 . As can be seen, losses on SI present a logarithmic variation with displacement, and attenuation values up to 14dB can be achieved with displacements < lmm. Four displacement sweeps have been made on SI corresponding to four different values of attenuation on S2. Fig. 3 shows no discernible difference between the four sweeps, thus showing negligible crosstalk due to the signal of Sz. shows the results for the AC measurements. A strong signal is observed at 589Hz, corresponding to the modulation frequency applied to SI. The signal applied to S2 is located at 528Hz (circle (i) on Fig. 4) , and no trace of this signal is observed at the detector. This ensures that the electrical isolation is > 26dB, measurement limited by the electrical spectrum analyser noise floor. The expected electrical power isolation should double the value of the optical isolation, thus reaching a value > 60dB. Similar results have been obtained for the same measurements on S2, which have been taken at detector D2.
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Regarding power budget, a -11.5dBm signal is obtained from the polarised source, while a -29.3dBm signal is detected at D1. This 18dB loss accounts for double crossing C1 and C2 (3.3dB x 4 = 13.2dB), insertion losses of the sensor (1dB x 2 = 2dB), WDM insertion losses (0.2dB x 4 = 0.8dB) and mirror, FBG, splice and connector losses. With this configuration the only significant power loss within the network occurs on coupler C1 and on the detection block couplers C2 and C3, employed to connect the FBGs used to reduce crosstalk. It should be mentioned that when contrasted with the situation of implementing the network shown in Fig. 2 with standard couplers, the utilisation of the WDMs provides a -9dB loss reduction in the optical power arriving from each sensor. This value scales up when the network is expanded to support a larger number of sensors. It is also important to notice that if power budget needed to be improved, all these couplers could be replaced by circulators, further reducing power losses in the system. Thermal stability of the network is also improved with the use of WDMs, since mismatches between FBG and WDM central wavelengths are not as critical as wavelength displacements on the exactly matched FBGs used in standard coupler networks.
Conclusions: An intensity-sensor multiplexing network with fused biconical WDMs has been demonstrated which improves power budget and the thermal stability of typical coupler networks while keeping crosstalk at very low values. By using one FBG per sensor and double crossing one of the WDMs in the network, optical isolations > 30dB have been obtained. With this value of isolation, sensor operation ranges > 13dB have been achieved with negligible crosstalk at the output of the system. Introduction: Modern optical telecommunications systems operate around the wavelength region of lowest loss in silica fibre, the C band (153CL1565nm). Optical amplifier technology at this wavelength region is dominated by the use of erbium-doped fibre amplifiers (EDFAs). However, the ever-increasing demand for data bandwidth has resulted in saturation of the C band in dense wavelength division multiplexed (DWDM) systems [l] . The limited gain bandwidth of erbium demands that new amplifier components are developed to allow transmission over other regions of the optical spectrum, providing greater capacity in future systems. Dopants such at ytterbium and thulium offer gain in other limited spectral regions but the nonlinear effect of stimulated Raman scattering (SRS) provides for gain at any wavelength with the provision of a suitable pump source [2, 31. Commercial Raman pump lasers typically operate at a fixed wavelength and employ Bragg gratings [4] or fused fibre couplers [5] to cascade, via the Raman effect, through several Stokes orders from a short pump wavelength to the longer output wavelength required. A fibre based, tunable Raman pump source covering the 147C1560nm region would provide tunable gain over the whole of the L and U band (1565-1625 and 1625-1675nm, respectively).
An erbium fibre ring laser with a wavelength tuning element would offer a high power, economic pump source but the short wavelength limit of -1530nm would restrict the tunable Raman gain to the U band only. Instead, we propose the use of a Raman fibre laser pump with a wavelength tunable final cascade. In this Letter we detail the optimisation of a tunable fibre Raman ring laser with continuous wave (CW) output between 1486 and 1551nm, and use it to demonstrate Raman gain over a tunable wavelength range of 1589 to 1650nm.
Experiment:
The experimental configuration of the tunable wavelength, CW, Raman fibre ring laser is shown in Fig. 1 . A cascaded Raman fibre laser with an output power of 1.58W (post coupler) at 1420nm was used as the pump source. Optical circulators, with a loss of <ldB between 1450 and 155Onm, were used to mix and extract signal and pump wavelengths in a counter-propagating pumped Raman amplifier configuration. This gave the advantage of removing pump radiation from the tunable laser output. Dispersion shifted fibre (DSF) was used as the Raman active medium with the optimum length for highest power output of the tunable laser determined experimentally. A broadband optical coupler was used to extract the tunable laser power and reseed the ring laser. Again, the coupling ratio was determined experimentally for optimum power output and wavelength tunability. A 4.8nm tunable band pass filter (TBPF) was chosen for low loss (<0.8dB) and extended wavelength tunability of 1486 to 1551nm. The use of a broad bandpass filter reduced the detrimental effect of SBS in the gain fibre. .
Results:
The optimum length of the DSF was experimentally determined to be of the order of 9km. Optimum output was achieved using an optical coupler (attenuation <0.8dB) with a 60:40 power ratio of laser outputxed. The transmission loss with wavelength of the optical coupler and round trip loss of the unpumped ring laser (without tunable filter) are shown in Fig. 2 . The output power of the optimised ring laser with wavelength is also shown in Fig. 2 . The 3dB line width of the ring laser output was -1.5nm for all tunable wavelengths. Peak output power was 420mW at 1516nm. The counter propagating pump and signal ASE spectra of a 20km STF Raman fibre amplifier pumped using the CW wavelength tunable ring laser are shown in Fig. 3 .
Conclusions:
The wavelength tunable Raman ring laser demonstrated in this Letter has a tuning range of 1486 to 1551nm with a CW power output of at least 60mW and a 40nm tuning range with power output of over 300mW. The 420mW peak power output of the ring laser at 1516nm shows a CW pump-to-output signal conversion efficiency of 27%. Usirig the ring laser as a pump source for wavelength tunable R a n m gain between -1 580 and 1660nm demonstrates that L and U band (1565-1625 and 1625-1675nm, respectively) optical amplifiers can be implemented using such a pump source. This would greatly extend the transmission bandwidth of WDM optical telecommunications systems. After optimisation, the CW ring laser was used as a wavelength tunable pump source for a Raman fibre amplifier with a counterpropagating pump and signal configuration. Simply for the dem-
